INTRODUCTION
Abnormal intrauterine growth is a major determinant of neonatal morbidity 1 -3 and mortality. 3 -6 Because accurate reference data are essential to recognition of infants whose growth is not appropriate for their gestational age (AGA), a number of reference curves and tables have been published, beginning with those of Lubchenco et al. 4 and Usher and McLean 7 more than 30 years ago. These reference ranges typically have been based on White 4, 7 or predominantly White 8, 9 American population samples. However, those reference ranges may not be applicable to minority populations, including Black, 6, 10 Mexican American, 11 and Japanese or Chinese 12 infants. Thomas et al. 6 recently demonstrated that use of growth curves that do not take race and gender into consideration may lead to inaccurate diagnosis of infants as small (SGA) or large (LGA) for gestational age.
Census 2000 data showed significant changes in the demographics of the population in the United States. Some of these changes were particularly notable in California. Between 1990 and 2000, the proportion of the California population identified as White decreased from 69% to less than 60%, the Hispanic population jumped from 25% to 32% of the total, and the proportion of Asian origin increased from 9% to 11%. 13, 14 One of the greatest increases was for people of Asian Indian ancestry, who more than doubled in number, increasing their representation from 0.5% to 0.9% of the population. At our hospital, which serves an ethnically diverse middle-to high-income population, more than 40% of all live births are now of Asian ancestry, and more than 20% are Asian Indian infants. These changing demographics, and a subjective impression among members of our medical staff that infants of Asian descent tended to be smaller and were diagnosed
BACKGROUND:
Census data show that an increasing proportion of the population of the United States is of Asian or Hispanic origin. Reference curves used to characterize fetal growth relative to gestational age are predominantly based on data for White infants. The goal of this study was to compare the birth weight distributions for term Asian or Hispanic infants with that for White infants, and to determine whether the prevalence of small ( SGA ) or large size( LGA ) for gestational age differs between Asian or Hispanic and White infants.
SETTING:
A community hospital in Northern California.
STUDY DESIGN:
Data was collected prospectively from May 1 to September 13, 2000 on all singleton term infants born at this hospital. Gestational age was assessed by the best obstetrical estimate and ethnicity was determined by parental report. Infants were categorized as White, Hispanic, Chinese, Asian Indian, Other Asian, and Other. Birth weights, length, and head circumferences were compared using ANOVA and the Student -Newman -Keuls test. Differences in rates of diagnosis of SGA or LGA were assessed by chi square.
RESULTS:
1539 infants were included in the study sample; 30% were White, 21% Asian Indian, 15% Chinese, 9% Hispanic, 7% other Asian, and 18% Other. Asian ( Chinese, Asian Indian, or Other Asian ), Hispanic, and Other babies had lower mean birth weights, shorter mean lengths, and smaller mean head circumferences than White babies. Asian, Hispanic, and Other male babies were lighter, shorter, and had smaller heads than white male babies. Asian females, but not Hispanic or Other ones, were lighter and had smaller head circumferences than White females; Asian Indian, Other Asian, and Other females had shorter lengths than White female infants. Indian and Other Asian, but not Chinese, babies were more likely than White babies to be SGA; babies in all three Asian groups were less likely than White babies to be LGA.
CONCLUSION:
Failure to account for ethnic differences in intrauterine growth may lead to inaccurate diagnosis of fetal growth abnormalities in infants of Asian ancestry. Original Article
as SGA more often than White infants, suggested that specific growth reference curves for such infants might be useful. However, we were unable to locate published reference growth curves for infants of Asian Indian and South East Asian origin born in the United States. We therefore undertook this study to determine whether birth weights of term infants of those ethnic backgrounds differ from those of White infants, and if Asian or Hispanic babies were more likely to meet criteria for intrauterine growth impairment.
METHODS
Data were collected prospectively on all singleton infants delivered at term (between 37 and 41 weeks' gestation) between May 1 and September 13, 2000 at El Camino Hospital in Mountain View, California. This is a community hospital located near sea level at which approximately 4500 infants are delivered each year. Birth weight (g), length (cm), head circumference (cm), and sex were assessed immediately after birth by the bedside nurse and recorded on the newborn record. Weight was measured using an electronic scale (N10 Infant Scale, Hill-Rom/Air Shield, Batesville, IN). Length from crown to heel was measured using a paper tape after extending the legs with the infant supine on the examining table. This method is less accurate than formal anthropometric methods, but reflects usual clinical practice. Head circumference was measured using a paper tape to determine the maximum frontooccipital circumference. Gestational age was determined from the best obstetrical estimate. Infants were identified as SGA (weight 10th percentile for gestational age) or LGA (weight !90th percentile for gestational age) using the reference ranges provided by Alexander et al. 15 Information regarding ethnicity was self-reported by the parents on the birth certificate, which provides the following choices: White, Black, Hispanic, Chinese, Korean, Japanese, Vietnamese, Cambodian, Laotian, Asian Indian, Filipino, Middle Eastern, Native American, Hawaiian, Guamanian, Samoan, and Other. For this analysis, Korean, Japanese, Vietnamese, Cambodian, Laotian, and Filipino were grouped as ''Other Asian'' ethnicities, and Black, Middle Eastern, Native American, Hawaiian, Guamanian, Samoan, and other were grouped as ''Other'' ethnicities. Those with more than one identified ethnicity were included in the ''Other'' group, except that cases in which all ethnicities were from the ''Other Asian'' group were included in that group.
One-way analysis of variance 16 was used to determine whether birth weights, lengths, and head circumferences differed among ethnic groups. Significant differences between specific ethnic groups were identified using the Student-Newman-Keuls test. 16 These analyses were applied to all infants and to male and female infants separately. Differences between male and female infants, whether for the entire sample or within each ethnic group, were assessed by Student t-test. 16 Differences in the distribution of birth weights among SGA, AGA, and LGA categories were assessed by chi square, 16 using a 6 (ethnic groups)Â3 (weight categories) contingency table. Differences in rates of SGA or LGA were assessed by chi square using 6Â2 (SGA versus not SGA or LGA versus not LGA) tables. Birth weight distributions and the prevalence of SGA and LGA in each ethnic category were similarly compared with those for White infants using chi square on 2Â3 or 2Â2 contingency tables, respectively. All data are shown as mean±standard deviation. Significance was assumed at p<0.05.
RESULTS
There were 1659 births during the study period. A total of 120 infants (55 who were <37 weeks' gestation, 9 who were !42 weeks' gestation, 30 twins, and 26 for whom data on gestation or ethnicity was unavailable) were excluded from this analysis. Of the included infants, 783 infants were male and 756 were female. The number of infants in each ethnic category is shown in Table 1 . The distribution of gestational ages was: estimated gestational age 37 weeks -150 infants, 38 weeks -337, 39 weeks -517, 40 weeks -407, and 41 weeks -128. The distribution of gestational ages did not differ between ethnic groups. Table 1 shows the mean birth weights, lengths, and head circumferences of infants in each ethnic group. Asian (Asian Indian, Chinese, and Other Asian), Hispanic and Other infants had lower birth weights, shorter lengths, and smaller head circumferences than White infants. Female infants had lower birth weights than male infants; this difference was largest for White and Other Asian infants and was not significant in other ethnic groups. Similarly, female infants were shorter and had smaller head circumferences than male infants, but these differences were not consistent for all ethnic groups. Asian, Hispanic and Other male infants had lower birth weights, shorter lengths, and smaller head circumferences than White male infants. Asian female infants, but not Hispanic or Other females, had lower birth weights than White female infants. The mean length of Asian Indian, Other Asian, and Other females, but not Chinese or Hispanic females, was shorter lengths than that of White females. All Asian females, but not Hispanic or Other females, had mean head circumferences smaller than that of White females. The distribution of birth weights for each ethnic group is shown in Figure 1 .
A total of 132 infants (8.6%) were identified as SGA and 186 (12.1%) were LGA ( Table 2) . These rates of SGA and LGA did not differ significantly from the expected rates of 10% in each category ( 2 =4.75, p=0.09). Chi-square testing demonstrated a strong relationship between the proportions of infants in these categories and ethnic group ( 2 =90.5, p<0.0001). For babies of Asian origins, the distribution of infants among these birth weight categories was significantly different from that for White babies, whether these groups were considered separately (p<0.002 for each comparison) or collectively ( 2 =62.6, p=0.0001). Babies in all three Asian groups were less likely than White babies to be LGA ( p<0.001 for each comparison), but only Asian Indian and Other Asian (not Chinese) babies were more likely than White babies to be SGA ( p<0.001 for each comparison). The prevalence of SGA in those groups was more than three times that among White infants. Compared to White babies, a greater fraction of Hispanic babies were SGA and a smaller proportion were LGA, but these apparent differences were not statistically significant. The distribution of infants among these weight-for-gestational-age categories did not differ between White and Other babies.
DISCUSSION
Identification of abnormal intrauterine growth is an important component of assessment and management of newborn infants, because both infants who are SGA and those who are LGA have increased rates of morbidity 1 -3 and mortality. 3 -6 The studies that defined this relationship between outcomes and abnormal growth patterns were based on populations that were predominantly White or Black and White, with few subjects from other ethnic or racial groups. 17 As it has become apparent that the distribution of birth weights is different in non-White populations, the criteria for and implications of diagnosis of abnormal intrauterine growth in minority populations have come into question. In particular, the lower mean birth weight for gestational age and higher prevalence of small size for gestational age among Black infants in the United States has been recognized for many years, 9, 18 and may contribute to the disproportionately high infant mortality rate for that population. 19 However, use of reference curves appropriate for White infants may result in inappropriate diagnoses of small size for gestational age among Black infants. 6 These relationships have been less extensively studied in other American ethnic or racial minority populations. Because of concern that failure to recognize such differences in birth weight distributions for Asian and Hispanic infants might lead to inappropriate diagnosis of SGA among infants in those ethnic groups born at our hospital, we undertook this investigation.
Our analyses confirmed that the birth weight, length, and head circumference are significantly influenced by both ethnicity and gender. In our sample, White infants were heavier, longer, and had larger heads that Asian, Hispanic, and infants in the Other ethnicity group. Others have previously reported that the mean birth weights of Chinese American 20 and Japanese American (included in the Other Asian group in this analysis) infants born at term, either separately 12 or as a pooled cohort, 21 were lower than that of White American infants. Alberman 22 and Wilcox et al. 23 have described lower mean birth weights for children born to immigrants from the Indian subcontinent to the United Kingdom in comparison to infants of European origin. We are not aware of previous reports of similar data for infants born to families of Asian Indian ancestry in the United States. In contrast, previous studies have not consistently demonstrated significant differences between the birth weight distributions for Hispanic and White infants. 6, 24, 25 This apparent difference with our results may be explained by the observation of Overpeck et al. 11 that Hispanic infants born at 30 to 37 weeks' gestation were heavier than White infants, but those born at 37 to 42 weeks, like those included in this analysis, were smaller than White infants. As noted in a number of previous reports, 6,9,10,26 -28 we also found that female infants as a group are smaller, shorter and have smaller head circumferences than male infants. These gender differences were not evident in all ethnic groups, however. We did not find significant differences between male and female Hispanic infants in any of these measures of fetal growth, for example. This result contrasts with the finding of Cazano et al. 10 that Hispanic females had significantly lower weights, shorter lengths, and smaller head circumferences than their male counterparts. This difference may result from differences in the ethnic origins of ''Hispanic'' subjects, as those included in Cazano's study from New York City were probably mostly of Puerto Rican, but those in our California sample were predominantly Mexican. Our observations are therefore generally consistent with previous reports, and support the assertion that race and gender specific standards are necessary for diagnosis of intrauterine growth abnormalities. Because of the relatively small number of infants in our study population, these observations are limited to infants at term (37 to 42 weeks' gestation). Although the sample size was sufficient to demonstrate differences in mean birth weights at term, the number of preterm infants born during the study period was not sufficient for either evaluation of differences in fetal growth rates before term or to establish reference ranges for infants in these minority groups. Achievement of those objectives will require a much larger, population-based study.
Infants are often classified at birth as SGA, AGA, or LGA by plotting their birth weight on standard growth curves that were developed in Denver in the 1960s. 4, 7 Because use of those curves appears to overestimate the number of infants who are SGA ( 10th percentile) and overestimate the number who are LGA (!90th percentile), the more recent data from the national 1991 birth cohort 15 were used to categorize infants as SGA, AGA, or LGA for this analysis. The overall distribution of infants in our multiethnic sample, with 8.6% SGA and 12.1% LGA, was not different from the expected proportion of 10% in each of those categories, indicating that these recent national standards were appropriate to our population in its entirety. However, compared to White neonates, term Asian babies were significantly less likely to be labeled as LGA and Asian Indian and Other Asian (but not Chinese) term infants were significantly more likely to be identified as SGA. Failure to demonstrate an increased rate of SGA among Hispanic infants despite their significantly lower mean birth weight may be a result of the small sample size for this ethnic group. A larger survey will be required to resolve that question.
Other investigators have noted significant differences between the birth weight distributions of infants born to foreign-born immigrant women and those of infants born to U.S.-born women of the same ethnic origin. David and Collins found that infants of African-born Black women, unlike those of U.S.-born Black women, had a birth weight distribution and risk of low birth weight similar to infants of U.S.-born White women. 29 Both Cervantes et al. 25 and Guendelman et al. 30 found that immigrant Mexican women had a significantly lower risk of low birth weight than native-born non-Hispanic White women. The risk of prematurity was also significantly lower among immigrant women in the latter two studies. None of these studies specifically addressed differential rates of intrauterine growth disturbances. The majority of the Asian Indian and Chinese infants in this cohort were born to first-generation, middle-to high-income, healthy immigrants employed in the high-technology industry. Specific information regarding the mother's country of birth was not recorded for this analysis, however, limiting the utility birth weight distribution in this small sample for evaluation of fetal growth in these ethnic groups. In addition, the typical high level of education among Asian immigrants whose infants are born at our hospital make it likely that they constitute a nonrepresentative sample, so data gathered from such immigrant populations also cannot be extrapolated to the population of their respective countries of origin. Because it is not clear that normative data for infants born to firstgeneration immigrants is appropriate for evaluation of intrauterine growth of infants in subsequent generations, it may be necessary to include maternal country of birth (i.e., U.S. or foreign) in future studies of the relationship between ethnicity and birth weight distributions.
Infants from minority groups may be at increased risk for morbidity or mortality by virtue of their lower birth weights. Alternatively, it may be that these infants are smaller simply because of ethnic or racial factors. In that case, use of the growth curves appropriate for White American infants might lead to inappropriate diagnosis of many infants as SGA. If only those term infants with birth weights less than the third percentile are at increased risk, as reported by McIntire et al., 3 those infants will be erroneously identified as being at the high risk for perinatal complications or mortality. Conversely, it may be that increased risk extends to higher birth weight percentiles for infants in some minority groups. Our observations, and similar reports from other sources, suggest that normative data on birth weight distributions specific to each gender and ethnic group, and possibly for first-and subsequent-generation immigrants, are needed. In addition, the relationships between adverse perinatal outcomes and birth weight need to be independently defined for each of these groups.
